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T2K, NOvA

Experimental Setups:

• Counting Exp:

• near 1st Peak

• near 2nd Peak

• Spectrum Measurements:

• around 1st Peak

• around 2nd Peak

• beyond

{
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Off Axis
Experimental Setups:

• Counting Exp: (ν, ν̄)
Off Axis (narrow band)
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• Spectrum Measurements: (ν, ν̄)
On (wide band) or Off Axis (narrow band)

• around 1st Peak

• around 2nd Peak

• beyond

Other Possibilities???

{
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true | ≈ 0

|〈sin δ〉T 2K
fake − 〈sin δ〉NOνA

fake | ≈ 0.93

√
sin2 2θ13

0.05

if the measurement uncertainty on sin δ

≈ ±0.2

then the two fake solutions are well separated down to

sin2 2θ13 ≈ 0.01
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Some recent progress: detector in Korea Some recent progress: detector in Korea 

JPARC
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2nd workshop in summer 

2006
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Spectral information solves degeneracy
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Spectral information solves degeneracy

where
√

Patm = sin θ23 sin 2θ13 {sin∆31 ⇒ sin(∆31∓aL)
(∆31∓aL) ∆31}

and
√

Psol = cos θ13 cos θ23 sin 2θ12 {sin∆21 ⇒ sin(aL)
(aL) ∆21}

2σ

Eν Window
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Ishitsuka, Kajita, Minakata and Nunokawa hep-ph/0504026
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• Counting Exp:
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• Spectrum Measurements:
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“The” Thing Everybody can Agree on:

• Physics of νµ → νe together with νµ → νµ

is a Fantastic Laboratory for Lepton Flavor Physics!!!
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• Fraction νe in ν3

• ν Mass Hierarchy

• Leptonic CP Violation

• Is ντ or νµ the dominant
component of ν3?
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Other Things Everybody can Agree on:

• Power of Neutrino Beam:
at least a 1 Mega-Watt proton source

• Size of Neutrino Detector:
fraction of Mega-Ton detector

• π0 ejection:
EXCELLENT

• Physics Reach:
Be Capable of detetmining
sin2 2θ13, sign(δm2

31), sin δ
down to (at least) sin2 2θ13 = 0.01

• Other Physics:
Proton Decay, Supernova, . . .
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Other Things Everybody can Agree on:

• Power of Neutrino Beam:
at least a 1 Mega-Watt proton source

• Size of Neutrino Detector:
fraction of Mega-Ton detector

• π0 rejection:
EXCELLENT

• Physics Reach:
Be Capable of detetmining

sin2 2θ13, sign(δm2
31), sin δ

pushing to sin2 2θ13 ⇒ 0.002
(Patm =Psol @ 1st pk)

• Other Physics:
Proton Decay, Supernova, . . .
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Less Agreement:

• Counting v Spectrum

• On Axis v Off Axis

• Location of Detector

• Detector Technology:
Water Cernokov, Liquid Argon etc

E = mc2
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Neutrino Patterns:

How is sin2 θ13 related
δm2

sol
δm2

atm
???

δm2
sol

δm2
atm

= 0.03,
(

δm2
sol

δm2
atm

)2
= 0.001, etc

Is θ23 maximal ???

sin2 2θ23 > 0.91 ⇒ 0.35 < sin2 θ23 < 0.65

sin2 2θ23 > 0.99 ⇒ 0.45 < sin2 θ23 < 0.55

Is there a (broken maybe) permutation symmetry, νµ ⇔ µτ???

Then sin2 θ13 ≈ 0 and sin2 2θ23 ≈ 1
2

Quark-Lepton Complimentarity:

Lepton Mixing = Bi-maximal Mixing - Quark Mixing

θ12 + θus ≈ π/4 ???

θ23 + θcb ≈ π/4 ???
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sin2 2θ23 > 0.91 ⇒ 0.35 < sin2 θ23 < 0.65 90% CL

sin2 2θ23 > 0.99 ⇒ 0.45 < sin2 θ23 < 0.55

• Is there a (broken maybe) permutation symmetry, νµ ⇔ ντ???

Then sin2 θ13 ≈ 0 and sin2 θ23 ≈ 1
2

• Quark-Lepton Complimentarity:

Lepton Mixing = Bi-maximal Mixing - Quark Mixing

θ12 + θus ≈ π/4 ???

θ23 + θcb ≈ π/4 ???

– Typeset by FoilTEX – 9

Neutrino Patterns:

• How is sin2 θ13 related
δm2

sol
δm2

atm
???

δm2
sol

δm2
atm

= 0.03,
(

δm2
sol

δm2
atm

)2
= 0.001, etc

• Is θ23 maximal ???

sin2 2θ23 > 0.91 ⇒ 0.35 < sin2 θ23 < 0.65 90% CL

sin2 2θ23 > 0.99 ⇒ 0.45 < sin2 θ23 < 0.55

• Is there a (broken maybe) permutation symmetry, νµ ⇔ ντ???

Then sin2 θ13 ≈ 0 and sin2 θ23 ≈ 1
2

• Quark-Lepton Complimentarity:

Lepton Mixing = Bi-maximal Mixing - Quark Mixing

θ12 + θus ≈ π/4 ???

θ23 + θcb ≈ π/4 ???

– Typeset by FoilTEX – 9

Neutrino Patterns:

• How is sin2 θ13 related
δm2

sol
δm2

atm
???

δm2
sol

δm2
atm

= 0.03,
(

δm2
sol

δm2
atm

)2
= 0.001, etc

• Is θ23 maximal ???

sin2 2θ23 > 0.91 ⇒ 0.35 < sin2 θ23 < 0.65 90% CL

sin2 2θ23 > 0.99 ⇒ 0.45 < sin2 θ23 < 0.55

• Is there a (broken maybe) permutation symmetry, νµ ⇔ ντ???

Then sin2 θ13 ≈ 0 and sin2 θ23 ≈ 1
2

• Quark-Lepton Complimentarity:

Lepton Mixing = Bi-maximal Mixing - Quark Mixing

θ12 + θus ≈ π/4 ???

θ23 + θcb ≈ π/4 ???

• Mass Hierarchy: Quark Like or Inverted (Quasi-degenerate)
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pdg 2026:
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INVERTED

"msol
2

"matm
2

regular3.nb 1

sin2 θ12 ≈ 0.31 (3)

sin2 θ13 ≈ 0.007 (4)

sin2 θ23 ≈ 0.60 (5)

δ ≈ 3π/4 (6)
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“The” Thing Everybody can Agree on:

• Physics of νµ → νe together with νµ → νµ

is a Fantastic Laboratory for Lepton Flavor Physics!!!

• Fraction νe in ν3

• ν Mass Hierarchy

• Leptonic CP Violation

• Is ντ or νµ the dominant
component of ν3?
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